Preconditioning with moderate oxidative stress (e.g., moderate bright light or mild hypoxia) can induce changes in retinal tissue that protect photoreceptors from a subsequent dose of lethal oxidative stress. The mechanism underlying this induced protection is likely a general mechanism of endogenous protection which has been demonstrated in heart and brain using ischemia and reperfusion. While multiple factors like bFGF, CNTF, LIF and BDNF have been hypothesized to play a role in preconditioning-induced endogenous neuroprotection, it has not yet been demonstrated which factors or receptors are playing an essential role. Using quantitative PCR techniques we provide evidence that in the retina, LIFR activating cytokines leukemia inhibitory factor (LIF), cardiotrophin-1 (CT-1) and cardiotrophin like cytokine (CLC) are strongly upregulated in response to preconditioning with bright cyclic light leading to robust activation of signal transducer and activator of transcription-3 (STAT3) in a time-dependent manner. Further, we found that blocking LIFR activation during preconditioning using a LIFR antagonist (LIF05) attenuated the induced STAT3 activation and also resulted in reduced preconditioning-induced protection of the retinal photoreceptors. These data demonstrate that LIFR and its ligands play an essential role in endogenous neuroprotective mechanisms triggered by preconditioning-induced stress.
Introduction
Photoreceptor cells are the sensory neurons in the eye that absorb light to initiate vision. Since these cells are postmitotic, loss of photoreceptors results in permanent blindness. Insults that can kill photoreceptors include genetic mutations, mechanical injury and oxidative damage (Bird 1995; Faktorovich et al., 1992; Lavail et al., 1992; Penn et al., 1987) . Prolonged bright light exposure can also induce oxidative damage which, when severe, kills photoreceptors (Noell et al., 1966; Penn et al., 1987) . However, under such unfavorable conditions, retinal cells initiate a response to rescue photoreceptors by recruiting or secreting a variety of antioxidants, cytokines and/or neurotrophic factors (Chaum 2003; Lavail et al., 1992; Liu et al., 1998; Penn et al., 1987; Steinberg et al., 1995; Wen et al., 1995; Wen et al., 1998) . This has been clearly demonstrated in models where exposure to subtoxic levels of stress (e.g., bright cyclic light) induced changes in retinal tissue that protect photoreceptors from a subsequent dose of lethal stress (Li et al., 2001 (Li et al., , 2003 Liu et al., 1998) .
Factors that were shown to be upregulated under oxidative stress include basic fibroblast growth factor (bFGF), ciliary neurotrophic factor (CNTF), brain derived neurotrophic factor (BDNF), LIF, and CLC (Chaum 2003; Faktorovich et al., 1992; Lavail et al., 1992; Rattner et al., 2008; Samardzija et al., 2006; Zachary 2005) . While these are hypothesized to play a role in preconditioning-induced endogenous neuroprotection, it has not yet been demonstrated which factors or receptors are essential for the protection. Intriguingly, among the upregulated molecules LIF, CNTF, and CLC belong to the same family and signal through heterodimerization of leukemia inhibitory factor receptor (LIFR) and glycoprotein 130 (gp130). Since these ligands and receptors are functional in the retina (Sherry et al., 2005; Ueki et al., 2008; Wen et al., 1998) , our hypothesis is that activation of LIFR:gp130 complex plays an essential role in preconditioning-induced endogenous protection of retinal photoreceptors. This hypothesis predicts that inhibiting the activation of these receptors during stress would make the photoreceptor cells more susceptible to oxidative damage. LIF05, a mutant LIF molecule, antagonizes LIF, CNTF, CT-1 and CLC activities by competitively binding and blocking the LIFR dimerization with gp130 (Hudson et al., 1996; Vernallis et al., 1997) . In this study, we tested our hypothesis by delivering LIF05 during preconditioning. The data show that inhibiting LIFR activation blocks the protective effects of preconditioning resulting in increased photoreceptor sensitivity to oxidative stress. 
